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ABSTRACT 

Using Eggleton's stellar evolution code, we carry out 150 runs of Pop I binary evolution 
calculations, with the initial primary mass between 1 and 8M Q , the initial mass ratio 
q = Mi/M 2 between 1.1 and 4, and the onset of Roche lobe overflow (RLOF) at an 
early, middle, or late Hertzsprung-gap stage. We assume that RLOF is conservative 
in the calculations, and find that the remnant mass of the primary may change by 
more than 40 per cent over the range of initial mass ratio or orbital period, for a given 
primary mass. This is contrary to the often-held belief that the remnant mass depends 
only on the progenitor mass if mass transfer begins in the Hertzsprung gap. We fit a 
formula, with an error less than 3.6 per cent, for the remnant (white dwarf) mass as a 
function of the initial mass Mn of the primary, the initial mass ratio qi, and the radius 
of the primary at the onset of RLOF. We also find that a carbon-oxygen white dwarf 
with mass as low as 0.33Mq may be formed if the primary's initial mass is around 
2.5M . 
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1 INTRODUCTION 

Binary evolution plays an important role in the formation 
of many interesting stellar objects and binary evolution the- 
ory has been successful in solving many puzzles in the past. 
■ In particular, doubl e degenerates, as pos s ible supernova e 
Type la progenitors ( jjbenfc Tutukov 1984 |Webbink 1984| ), 
are receiving more and more attention. The co nfront ation 
of th e dou ble degenerate theory of Iben et al. ( 1997) and 
Han (1998 ) with the observations of Marsh's group (Marsh 
200C) shows a conflict between the theoretical and obser- 
vational mass ratio distribution of double degenerates. An 
Algol-like phase is an important or even the main channel 
for the formation of double degenerates. The confrontation 
indicates that we need a systematic investigation of binary 
evolution with the onset of Roche lobe overflow (RLOF) in 
the Hertzsprung gap (HG). 

Case-B binary evolution, in which mass transfer be- 
gins after central hydrogen ex haust ion, has been studied in 
the pa st. Re fsdal & Weigert (1969) and Giannone & Gian- 



nuzzi (1970) calculated several run s of c ase B evolution for 



1994; 1994) carried out non- conservative evolution (conser- 
vative evolution in some cases) for initia l primary masses 
between 3 and 40Mq. Sarna et al. (1996) investigated evo- 
lutionary scenarios for double degenerates. The evolutionary 
sequences calculated previously mostly cover different initial 
primary masses, initial orbital periods that make RLOF be- 
gin in the early HG, and only one or two initial mass ratios. 
Furthermore there is a lack of low-mass binary sequences. 

A bina ry population synthesis of double degenerates 
(Han 199S ) requires a detailed knowledge of binary evo- 
lution. In this paper, we investigate binary evolution with 
the onset of RLOF in the Hertzsprung gap in a systematic 
way. We calculate 150 runs of binary evolution with a rather 
complete parameter space, i.e. varying the primary's initial 
mass between 1 and 8Mq, the initial mass ratio q = M1/M2 
between 1.1 and 4, and the onset of Roche lobe overflow 
(RLOF) at early, middle, or late Hertzsprung gap. 



2 COMPUTATIONS 



low-mass binaries. Van der Linden ( 1987 ) calculated conser- 
vative evolution for initial pri mary masses between 3 and 
12Mr. De Loore fc De Greve ( |l992| ), De Greve & de Loore 
( |l992| ), De Greve (|l993j ) and de Loore & Vanbeveren ( |l994 



We use Eggleton's ( |1971 



1972 



1973 ) stellar evolution code, 



which has been updated with the latest input p hysics over 
the last 3 decades, as described by Han et al. (1994) and 
Pols et al. Jl995t |l998|). The code distinguishes itself by the 
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Figure 1. The evolution tracks of single stars with masses be- 
tween 1 and 8Mq. The three dashed lines, from left to right, 
indicate the position of an early HG, middle HG and late HG 
defined in this paper. 



use of a self-adaptive non-Lagrangian mesh, the treatment 
of both convective and semiconvective mixing as a diffusion 
process and the simultaneous and implicit solution of both 
the stellar structure equations and the chemical composition 
equations including convective mixing. These characteristics 
make the code very stable and easy to use. 

The current code uses an equation of state that includes 
pressure ionization and Coulomb interac tion, recent opacity 
tables derived fr om Rogers fc Iglesias ( 199S ) and Alexan- 
der & Ferguson ( 1994a ;_ 1994b ), nuclear reaction rates from 
Caughlan & Fowler (1988) and Caughlan et al. (1985), and 



1989 



1992 ) 



neutrino loss rates from Itoh et al. 

Roche lobe overflow is treated within the code. It has 
been tested thoroughly and works reliably. Because the 
mesh-spacing is computed along with the structure, the in- 
clusion of RLOF is almost trivial: just a modification of one 
boundary condition. The boundary condition is written as 



dm 
~d7 



C-Max 



0,( 



'"star 
" r lobe 



(1) 



where j s the mass changing rate of the star, r s tar is the 
radius of the star, and ri b c the radius of its Roche lobe. C is 
a constant. With C = lOOOAf© /yr, RLOF proceeds steadily, 
and the lobe-filling star overfills its Roche lobe as necessary 
but never overfills its lobe by much: ( ^ 5t " — 1) Si 0.001 

In our calculation, we use a typical Population I (Pop 
I) composition with hydrogen abundance X = 0.70, helium 
abundance Y — 0.28 and metallicity Z = 0.02. We set 
q = I /Hp, the ratio of typical mixing length to the local 
pressure scaleheight, to 2. Such an a gives a roughly cor- 
rect lower main sequence, as determined observationally by 
Andersen (1991). It also reproduces well the location of the 



red giant bra nch in the HR diagram for stars in the Hyades 
s uperc luster ( Eggen 1985 ), as determined by Bessell et al. 
(1989). A fit to the Sun also leads to a = 2 as the most 



appropriate choice ( Pols et al. 199£ ). 

In our calculation, we just follow the evolution of the 
primary (initially more massive) component in a binary sys- 
tem, though the code can evolve both components quasi- 
simultaneously as in some previous studies. The evolution 




log (r eft /K) 

Figure 2. Evolutionary track (solid line in top panel) of the pri- 
mary of a Pop I binary system with initial parameters Mu = 
2M Q , qi = Mi/M 2 = 1.5 and P ; = 2.551 days (late HG). The 
points a, b, and c indicate the beginning of RLOF, the mini- 
mum luminosity during RLOF, and the end of the last episode of 
RLOF, respectively. The evolutionary track of a 2Mq Pop I single 
star is shown in a dashed line for the purpose of comparison. The 
mass-transfer rate is plotted in dotted line in the bottom panel. 



of the primary is not affected as long as the binary does not 
come into contact. We assume that the RLOF is conserva- 
tive in this paper. Non-conservative cases may be studied 
later. 

The parameter space for the model grid is three di- 
mensional - primary initial mass Mu, initial mass ratio 

Mi 



Hj-, and primary's radius Ri at the onset of RLOF. 
The initial orbital period is a function of Mu, qi and Ri. 
Primary initial masses range from 1.0 to 8.0Mq at roughly 
equal intervals in logMii (Mu = 1.0, 1.26, 1.6, 2.0, 2.5, 
3.0, 4.0, 5.0, 6.3 and 8.0M Q ), the initial mass ratio from 
1.1 to 4.0 (gi =1.1, 1.5, 2.0, 3.0, 4.0). logi?i has 3 values, 

log7?MS + 0.1(logi?HG - logi?Ms), 0.5(logi?HG + log-R M s) 

log7?HG - 0.1(log7?HG - logi?Ms), where R M s and Rug 
are the maximum radius on the main sequence and in the 
Hertzsprung gap respectively, for a given initial mass. The 
three values correspond to onset of RLOF at early HG, mid- 
dle HG or late HG (see figure |l|). We have carried out 150 
runs altogether. 



3 RESULTS 

Figure [| shows the evolutionary track of the primary in a 
Pop I binary system with initial parameters of Mu = 2Mq, 
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Table 1. Characteristics of a binary with initial parameters of M\i = 2Mq, <jj = M1/M2 = 1.5 and Pj = 2.551 days. 
The events a, b, c and d are the beginning of RLOF, minimum luminosity during RLOF, the end of the last episode of 
RLOF, and the end of the evolutionary calculation, respectively. The time t\ is the age of the primary, Mi is its mass, Mi 
the mass transfer rate, T e g its effective temperature, L its luminosity, R± its radius, M;P e its helium core mass, its 
carbon-oxygen core mass, and Xjj the hydrogen abundance at its surface. The mass ratio of the binary is q and P is the 
orbital period. 
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a 


9.975 x 10 8 


1.995 


0.000 


3.790 


1.484 


4. 853 


0.211 


0.000 


0.700 


1.500 


2.551 


b 


1.009 x 10 9 


1.305 


-1.383 x 10~ 7 


3.698 


0.962 


4. 062 


0.215 


0.000 


0.691 


0.646 


2.601 


c 


1.079 x 10 9 


0.307 


-1.183 x 10~ n 


3.635 


2.096 


19. 971 


0.297 


0.000 


0.622 


0.102 


59.88 


d 


1.891 x 10 10 


0.307 


0.000 


3.529 


-4.420 


0. 018 


0.306 


0.000 


0.622 


0.102 


59.88 



Table 2. Coefficients for equation (g) 
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Figure 3. Similar to figure ^, but for a binary system with initial 
parameters of Mu = 2.51Mq, q\ = 2 and Pi = 2.559 days (middle 
HG). 

<ji = Mi /M a = 1.5 and Pi = 2.551 days. Table |l] lists some 
characteristics for the binary at the beginning of RLOF, 
at minimum luminosity during RLOF, at the end of the 
last episode of RLOF, and at the end of the evolutionary 
calculation. We have calculated the evolution of 150 binaries 
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Figure 4. Mass ratios when primaries reach the base of the red 
giant branch (point b in figure |i| or ^) . Crosses are for binaries 
with initial mass ratio qi = 4, circles are for binaries with initial 
mass ratio qi = 1.1, 1.5, 2, or 3. The square is for Mii = 1.26M0, 
cji = 3 and P ; = 0.8234 days and the triangle M n = 7.94M , 
qi = 3 and Pi = 3.152 days. 
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Figure 5. Remnant (WD) masses after RLOF. The solid line is 
for binaries with initial mass ratio qi = 1.5 and onset of RLOF 
at middle HG. 
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Figure 6. Remnant (WD) masses after RLOF which begin at 
early HG. 
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Figure 7. Similar to figure Q but with onset of RLOF at middle 
HG. 
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Figure 8. Similar to figure ^, but with onset of RLOF at late 
HG. 

' ' ' ' ' ' ' ' ' . Late HG 
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Figure 9. Similar to figure ^, but for binaries with initial mass 
ratio g; = 1.1 
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Figure 10. Similar to figure 0, but with qi = 1.5 
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q i =2.0 
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Figure 11. Similar to figure JJ, but with qi = 2 
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Figure 12. Similar to figure fJ, but with qi = 3 



and tabulate them in the Appendix. Figures for the other 
binaries can be obtained by contacting ZH. 

As seen from figure ^, there are typically three episodes 
of the RLOF. When the primary fills its Roche lobe in 
Hertzsprung gap, mass transfer begins, and the mass- 
transfer rate quickly rises to lO _7 M0yr _1 . Mass transfer 
almost ceases as the primary leaves the Hertzsprung gap 
but resumes with a rate of lO _7 M0yr _1 when the primary 
evolves to the base of red giant branch (RGB) (point b in 
figure ^, at which the primary has the lowest luminosity dur- 
ing the RLOF). The second episode ends when the primary 
starts to contract as its envelope mass decreases after the tip 
of RGB, and the third episode begins when the star expands 
a little more owing to a further burst of hydrogen burning. 
After the third episode, the star evolves to a helium white 
dwarf and cools. Note, however, that not all our 150 runs ex- 
hibit 3 episodes for RLOF. Some may have only one episode 
(figure |3 for example), and others two. 

Interestingly, our calculation shows that a low mass 
carbon-oxygen (CO) white dwarf (WD) may be formed as a 
result of Case B RLOF. Figure [| displays the evolutionary 
track of the primary for a binary system with initial pa- 
rameters Mu = 2.51M Q , qi = Mi /Mi = 2 and Pi = 2.559 
days. The primary evolves to a helium white dwarf after the 



RLOF. Helium is, however, ignited in the centre of the WD 
as it cools (see the loops in the left part of the top panel 
of figure ^). We are unable to follow the helium burning to 
its end, because the code breaks down owing to the high 
degree of degeneracy of the WD. But a substantial carbon- 
oxygen core has developed already before the the calcula- 
tion stops. At this point we have a white dwarf of O.33M0 
with a carbon-oxygen core of O.llM©. Initial parameters 
of Mil = 2.51A/ Q , qi = 1.1 and P = 2.748 days lead to 
a O.38A/0 white dwarf with a O.21M0 CO core, but again 
the code breaks down during helium burning of the WD. 
A O.43M0 white dwarf with a O.31M0 CO core is obtained 
from the evolution of a binary with initial parameters of 
Mii = 2.51M Q , qi = 1.1 and P = 2.748 days. In this case 
the code completed helium burning without difficulty so this 
is the true final state of the WD. 

Figure ^ shows mass ratios when the primaries with dif- 
ferent initial parameters reach the base of the RGB during 
RLOF. Almost all our 150 binaries reach the point via stable 
RLOF. Only the binaries with initial primary mass of IMq 
and initial mass ratios qi > 2 experience unstable RLOF. 
This is because the low-mass primaries have convective en- 
velopes at the beginning of RLOF which is then dynami- 
cally unstable, and the code breaks down. Mass ratios reach 
q < 0.75 at the base of the RGB for almost all binaries with 
initial primary mass Mu > 1.26M© and with initial mass 
ratio q < 3 (see, however, the square and the triangle in fig- 
ure ^| for two exceptions) . RLOF after the base of the RGB 
for such binaries is stable. Mass ratios are greater than 1.86 
at the base of the RGB for all the binaries with initial mass 
ratio qi = 4. RLOF on the RGB is unstable for such binaries 
and the code breaks down. As seen in figure^, all mass ratios 
are either larger than 1.5 or less than 0.75. Our calculation 
shows that RLOF on the RGB is stable for binaries with 
q < 0.75, and unstable for binaries with q > 1.5. In order to 
know the critical mass ratio below which the RLOF on the 
RGB is stable we carried out several calculations for binaries 
with initial primary mass Mu = 1.58M© and with the onset 
of RLOF at the base of the RGB and find that q < 0.8 leads 
to stable RLOF while q > 0.85 leads to unstable RLOF. 

Here we are more interested in the relation between the 
remnant mass of a primary and the initial parameters of 
the binary, because such a relation helps us to understand 
the mass of white dwarf that results from stable RLOF in 
the HG. Figure [| displays the remnant masses: each cross 
is for a binary, and the solid line is for binaries with initial 
mass ratio qi — 1.5 and onset of RLOF at middle HG. We 
see that the masses scatter around the solid line by ±22 per 
cent. This means that the remnant (WD) mass is dependent 
on the initial mass ratio qi and the primary's radius Pi at 
the onset of RLOF (or the initial orbital period P), as well 
as on the initial mass Mu of the primary. 

As shown by figures [], ^ and [| the remnant mass gets 
smaller if the initial mass ratio is bigger. This is because 
a high mass ratio leads to a high mass-transfer rate, and 
RLOF therefore takes a shorter time and gives a smaller 
core mass when the primary's envelope is totally stripped 
off. 

As seen from figures [], [loj [n] and the remnant mass 
gets larger if RLOF begins later in the HG. This is simply 
because the core mass grows as the primary evolves in the 
HG. 
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For q\ — 1.5 and middle-HG RLOF, the remnant mass 
Mif can be fitted, with an error of 1.3 per cent for IMq < 
Mn < 8M Q by 

_ 174.6 - 36mfj + 19m 2 ; 5 
mif ~~ 1000 - 369mii + 52m 2 ; ' ^ ' 

where mif = Mk/Mq and mn = Mu/Mq. We have found 
a more general fit for the remnant mass as a function of Mn, 
qi and Ri but with an error of 3.6 per cent for IMq < Mn < 
8M e and 1.1 < qi < 3: 



mif = 



Ai - A 2 m u + Azmlf 



10000 - A A mn + A 5 m 2 ; ' 
where 

Ai = Bi,\ + £i,2<?i + Bi, 3qf 
and 

Bi 4 = Ci j i + Ci.-j.2D + Ci , 3D 2 



(3) 



(4) 



(•>) 



The coefficients Cij t k(i = 1, 5; j = 1, 3; fc = 1, 3) are given in 
table ^[ and D is defined below. D sal, 2, and 3 correspond 
to early-HG, middle-HG and late-HG RLOF (see figure |l|): 



D = 



21og(Pi/P Q ) -3Di +D 2 



D2-D1 



where 



Di 



and 



0.121 +4.16 log mn 
l + 3.16(logmi;) - 5 



£> 2 = 0.285 + 1.06 log mn + 0.822(log ran) 



4 DISCUSSION 



(6) 



(7) 



(8) 



Van der Linden ( 1987 ) and de Loore & Vanbeveren ( 1994 ) 
have calculated conservative Case-B evolution of intermedi- 
ate mass binaries, though only for one or two mass ratios. 
However, it is not possible to compare our results with theirs 
in a one-to-one way, as none of their binaries has exactly the 
same initial parameters (primary mass, mass ratio and or- 
bital period) as any of ours. But we do make a comparison 
and find that our results agree with theirs reasonably for 
binaries with initial primary mass less than 4Mq. The dif- 
ference between our results and theirs is small and is mainly 
due to the following differences bet ween our work and theirs . 
We use the OPAL opacity tables (Rogers & Iglesias 1992) 



while van der Linden used the LAOS ones. The treatment of 
RLOF in our code is different from theirs. Ours is more effi- 
cient in computation, but theirs may be more realistic phys- 
ically. We do not include conv ective core overshooting but 
de Loore & Vanbeveren (1994) do. And, perhaps more im- 
portantly, our stellar evolution code is different from theirs. 

For binaries with initial primary mass larger than 5Mq , 
there exist very large differences between our results and 
theirs. For example, the hydrogen abundance at the pri- 
mary's surface is almost zero after RLOF in our model for 
a binary with initial parameters of Mn = 5Mq, qi — 1.1 
and Pi = 22.52 days, while the hydrogen abundance of a 
similar binary in their model is about 0.2. The timescale of 
RLOF in our model is much larger than that in their model. 
This is explained as follows. For a binary with its primary 



initially more massive than 5Mq , the primary fills its Roche 
lobe in the Hertzsprung gap and RLOF begins. The primary 
becomes a red giant during the RLOF, and its envelope is 
stripped away gradually. When the envelope is very small, 
the primary contracts and becomes a helium star (but with 
a hydrogen-helium envelope). Helium is ignited in the cen- 
tre and the star expands after central helium is exhausted. 
The star becomes a red giant again and fills its Roche lobe 
and the second episode of RLOF begins. At the end of the 
second episode of RLOF, the surface h ydrog en abundance 
becomes zero o bvious ly. Van der Linden ( 1987 ) and de Loore 
& Vanbeveren ( 1994 ) have only followed the first episode of 
RLOF and they stop the evolution when the central helium 
is exhausted. We have followed the two episodes and our 
calculation is terminated when the primary becomes a he- 
lium WD or carbon-oxygen WD in most cases. Therefore 
the timescale of RLOF in our model (the time between the 
onset of the first episode of RLOF and the end of the last 
episode by our de finition) is much larger than that o f van 
der Linden (1987) and de Loore & Vanbeveren (1987). 

M ost of the do uble degenerates observed by Marsh's 
group (Marsh 200C) have primary masses less than 0.5Mq 
and they are thought to be helium WDs. Our calculation 
shows that a low mass (as low as 0.33Mq) carbon-oxygen 
WD may be formed from stable RLOF in HG, so that 
some of the presumed helium WDs may actually be carbon- 
oxygen WDs. 

In ord er to get better consistency with observations, 
Iben et al. (1997) use a rather large common-envelope ejec- 
tion efficiency in their binary population synthesis studies. 
They assume that RLOF in the HG is always dynamically 
unstable and that RLOF leads to the formation of a com- 
mon envelope. Our calculation shows however that RLOF is 
very likely to be stable, even if the initial mass ratio is as 
large as 3. If the initial mass ratio is even larger, RLOF is 
stable at the beginning and part of the primary's envelope 
is transferred to the secondary before the RLOF becomes 
dynamically unstable. If the process of RLOF is treated as 
common-envelope evolution, as by Iben et al., a high effi- 
ciency is required for common-envelope ejection. 

Most of the previous studies treated binaries with only 
one or two initial mass ratios and with the onset of RLOF 
early in the HG only. Our study is more comprehensive in 
that our calculation is for a rather complete space of initial 
parameters. It has been believed that the WD mass derived 
from the RLOF does not depend much on the initi al mass 
ratio or the initial orbital period (De Greve 1993). How- 
ever, our investigation shows that the dependence is quite 
significant. Therefore the binary evolutionary models in this 
paper should be included in any realistic binary population 
synthesis model. 

To obtain a copy of all the evolutionary tracks (similar 
to figure 21), all tables for characteristics of RLOF (similar 
to table |l), and equations ^| to ^ in FORTRAN code, please 
send an email to ZH who will provide them via ftp. 
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We usually list stellar parameters at a, b, c and d. However, 
the code breaks down when RLOF is unstable. In that case, 
we only list parameters at a if RLOF is unstable at onset, 
or at a and b if RLOF is stable at the onset but becomes 
unstable after the primary reaches the RGB. 
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APPENDIX A: RLOF FOR ALL THE BINARIES 

Table Al lists all the binaries in the manner of table 1 in 
the body of the paper: 

a: the onset of RLOF 

b: the minimum luminosity during RLOF (i.e. just reach- 
ing the RGB) 

c: at the end of RLOF (RLOF may have several episodes, 
there is no RLOF any more after c) 

d: at the end of calculation (some of the calculations break 
during central helium ignition) 
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Table Al: RLOF in Hcrtzsprung gap 
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-6.333 x 10~ 12 


3.678 


d 


2.385 x 10 9 


0.259 


0.000 


4.337 


a 


1.849 x 10 9 


1.585 


0.000 


3.818 


b 


1.939 x 10 9 


0.633 


-5.005 x lO" 10 


3.687 


c 


o.lll X 1U 


0.232 


— Z.oZZ X iu 


3.711 


d 


2.487 x 10 10 


0.232 


0.000 


3.506 


a 


i.yuo x iu 


l.OOO 


n nnn 
VARA) 


q cn9 


b 


1.926 x 10 9 


0.665 


-2.744 x 10~ 9 


3.692 


c 


2.678 X 10 


0.235 


0.000 


3.707 


d 


2.387 x 10 10 


0.235 


0.000 


3.510 


a 


1.974 x iu 


1.585 


0.000 


3.775 


b 


1.980 x 10 9 


0.776 


— 4.611 x 10 — 8 


3.706 


c 


2.381 x 10 9 


0.239 


-1.357 x 10~ 12 


3.703 


d 


2.310 x 10 10 


0.239 


0.000 


3.513 


a 


1.854 x 10 


1.585 


0.000 


3.816 


b 


1.855 x 10 9 


1.388 


—3.340 x 10 -6 


3.766 


a 


1.907 x 10 9 


1.585 


0.000 


3.800 


b 


1.908 x 10 9 


1.383 


— 8.129 x 10 -10 


3.764 


a 


1 D7K ^ i n 9 

i.y id x iu 


l.OOO 


n nnn 
VARA) 


O. 1 1 O 


b 


1.977 x 10 9 


1.461 


-4.885 x 10~ 7 


3.762 




q fiii v in 8 

C/.U11 A IU 


1 995 


0.000 


3 873 


U 

u 


i no.'? v i n 9 

l.UUO X iu 


1 9Qfi 


1 fi^9 1 A - 8 
— l.DOZ X 1 U 


O . I U 


c 


1.132 x 10 9 


0.301 


-1.530 x 10" 11 


3.633 


d 


1.935 x 10 10 


0.301 


0.000 


3.523 


a 


9.863 x 10 8 


1.995 


0.000 


3.836 


b 


1.005 x 10 9 


1.415 


-5.567 x 10~ 8 


3.703 


c 


1.093 x 10 9 


0.312 


0.000 


3.626 


d 


1.881 x 10 10 


0.312 


0.000 


3.531 


a 


9.975 x 10 8 


1.995 


0.000 


3.790 


b 


1.012 x 10 9 


1.507 


-1.906 x 10~ 7 


3.698 


c 


1.079 x 10 9 


0.322 


-7.846 x 10~ 12 


3.617 


d 


1.857 x 10 10 


0.322 


0.000 


3.536 


a 


9.609 x 10 8 


1.995 


0.000 


3.873 


b 


9.974 x 10 8 


1.118 


-1.010 x 10~ 8 


3.704 


c 


1.146 x 10 9 


0.286 


-7.555 x 10~ 12 


3.648 

















q 


p 




(Hq) 


(Mq) 


(Mq) 










(days) 


-0.118 


0.054 


0.265 





.000 


0. 


.643 


0. 


.113 


23.75 


1.080 


3.242 


0.158 





.000 


0. 


700 


1 


.500 


1.563 


0.587 


2.721 


0.167 





.000 


0. 


687 





.637 


1.609 


1.695 


11.350 


0.261 





.000 


0. 


.646 


0. 


.115 


27.29 


-0.118 


0.052 


0.270 





.000 





646 





.115 


27.29 


1.040 


2.536 


0.121 





.000 





.700 


2. 


.000 


1.042 


0.233 


1.837 


0.130 





.000 





.684 


0. 


.510 


1.022 


1.385 


6.944 


0.239 


(J 


.000 





.628 





.118 


13.62 


-0.088 


0.062 


0.248 


(J 


.000 


0. 


.628 


0. 


.118 


13.62 


1.076 


2.858 


0.138 





.000 


0. 


.700 


2 


.000 


1.253 


0.320 


2.025 


0.141 





.000 


0. 


683 


0. 


.546 


1.153 


1.455 


7.670 


0.243 





.000 


0. 


629 


0. 


.120 


15.69 


-0.154 


0.061 


0.251 





.000 





.629 


0. 


.120 


15.69 


1.079 


3.246 


0.158 





.000 


0. 


.700 


2. 


.000 


1.506 


0.415 


2.241 


0.158 





.000 


0. 


.685 


0. 


.586 


1.308 


1.522 


8.463 


0.248 





.000 


0. 


.630 





.122 


18.03 


-0.158 


0.059 


0.256 





.000 


0. 


630 





.122 


18.03 


1.035 


2.537 


0.121 


(J 


.000 


0. 


.700 


3 


.000 


0.9823 


-0.062 


1.313 


0.115 





.000 


0. 


.676 


0. 


.428 


0.7008 


1.069 


4.319 


0.218 





.000 





599 





.123 


6.954 


-4.401 


0.020 


0.230 





.000 


0. 


.598 





.123 


6.954 


1.073 


2.862 


0.137 





.000 





.700 


3 


.000 


1.181 


0.031 


1.431 


0.131 





.000 


0. 


.678 


0. 


.460 


0.7752 


1.138 


4.777 


0.222 





.000 


0. 


.598 





.125 


8.031 


-4.390 


0.020 


0.234 





.000 


0. 


.598 


0. 


.125 


8.031 


1.077 


3.245 


0.157 





.000 


0. 


.700 


3 


.000 


1.420 


0.117 


1.479 


0.154 





.000 


0. 


.687 





.580 


0.7464 


1.208 


5.277 


0.226 





.000 


0. 


595 





.128 


9.248 


-4.387 


0.020 


0.237 





.000 


0. 


595 





.128 


9.248 


1.032 


2.552 


0.121 





.000 


0. 


.700 


4 


.000 


0.9486 


0.277 


1.350 


0.118 





.000 





.700 


2. 


.341 


0.4212 


1.070 


2.871 


0.136 





.000 


0. 


.700 


4 


.000 


1.128 


0.359 


1.497 


0.134 





.000 





.700 


2. 


.315 


0.4944 


1.074 


3.243 


0.157 





.000 





.700 


4 


.000 


1.357 


0.638 


2.082 


0.156 





.000 


0. 


700 


2. 


.810 


0.7660 


1.482 


3.295 


0.176 





.000 


0. 


.700 


1 


.100 


1.483 


0.840 


3.411 


0.183 





.000 


0. 


.695 


0. 


.516 


2.035 


2.082 


19.856 


0.290 





.000 


0. 


.620 





.086 


59.76 


-4.437 


0.018 


0.300 





.000 


0. 


.620 


0. 


.086 


59.76 


1.503 


4.002 


0.201 





.000 


0. 


700 


1. 


.100 


1.978 


0.959 


3.954 


0.204 





.000 


0. 


.695 





.591 


2.413 


2.175 


22.814 


0.301 





.000 


0. 


629 





.089 


72.38 


-4.416 


0.018 


0.310 





.000 





.628 





.089 


72.38 


1.484 


4.855 


0.211 





.000 


0. 


.700 


1. 


.100 


2.639 


1.087 


4.685 


0.219 





.000 


0. 


.692 


0. 


.655 


2.996 


2.263 


26.309 


0.312 





.000 


0. 


.639 





.092 


88.21 


-4.408 


0.018 


0.321 





.000 


0. 


.639 





.092 


88.21 


1.481 


3.292 


0.175 





.000 


0. 


.700 


1. 


.500 


1.433 


0.716 


2.971 


0.175 





.000 


0. 


.692 


0. 


.507 


1.782 


1.904 


15.097 


0.275 





.000 


0. 


.601 


0. 


094 


40.70 
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Tabic 1: continued 











*1 


Mj 


M 1 


logT eff 


log(- 










(yr) 


(M ) 


(Mgyr- 1 ) 






d 


2.007 x 10 1 " 


0.286 


0.000 


3.510 


-4 




9.863 


x 


10 8 


1.995 


0.000 


3.836 


X 


b 


1.001 


x 


10 9 


1.225 


—3.713 x 10~ 8 


3.703 


o 


c 


1.094 x 


10 9 


0.297 


-2.033 x 10" 11 


3.642 


2 


d 


1.936 x 10 10 


0.297 


0.000 


3.521 


-4 




9.975 x 10 8 


1.995 


0.000 


3.790 






1.009 x 10 9 


1.305 


— l x l n~ 7 


3.698 


o 


c 


1.079 x 10 9 


0.307 


-1.183 x 10" 11 


3.635 


2 


d 


1.891 x 10 10 


0.307 


0.000 


3.529 


-4 




9 


.612 


X 


10 8 


1.995 


0.000 


3.872 




b 


9 


.838 


X 


10 8 


0.957 


— 5 787 x 1 -9 


3.707 





c 


1. 


.157 


X 


i n 9 
10 


0.272 


-3.822 x 10~ 12 


3.671 


1 


d 


1. 


.172 


X 


10 9 


0.272 


0.000 


4.407 







9 


S(>2 


X 


10 


1.995 


0.000 


3.836 


x 


b 


9 


.944 


X 


10 8 


1 049 


— i nfifi x i n — 8 

— O.UUU A 1U 


3 707 


o 


c 


1 


.092 


X 


10 9 


0.283 


0.000 


3.664 


1 


d 


1. 


104 


X 


10 9 


0.283 


0.000 


4.424 







9. 


.976 


X 


10 8 


1.995 


0.000 


3.789 


1 




1. 


.004 


X 


10 9 


1.145 


— 8 700 x 1 — 8 


3.703 


o 


c 


1. 


.076 


X 


10 9 


0.293 


-8.350 x 10~ 12 


3.654 


1 


d 


1. 


.085 


X 


10 9 


0.293 


0.000 


4.464 





a 


9 


.248 


X 


10 8 


1.995 


0.000 


3.839 


1 


b 


9 


.283 


X 


10 8 


1.085 


-1.801 x 10~ 7 


3.731 





c 


1. 


.440 


X 


10 9 


u.zou 


i 9/i k \- i n — 10 

— ±.Z4±D X IU 


O.DD i 




d 


1. 


.524 


X 


10 9 


0.250 


0.000 


4.352 


-0 


a 


9 


.866 


X 


10 8 


i .yyo 


n nnn 
u.uuu 


O.OOD 




b 


9 


.885 


X 


10 8 


1.021 


-2.156 x 10~ 7 


3.730 





c 


1. 


.060 


X 


10 9 


0.254 


— 2.993 X 10 


3.686 


1 


d 


1 


.114 


X 


10 9 


0.254 


0.000 


4.380 





a 


9 


.978 


X 


10 8 


1 .995 


0.000 


3.789 


1 


b 


9 


.999 


X 


10 8 


1.017 


n inn w in — 7 

— 2.429 X 10 


3.718 





c 


1 


.047 


X 


10 9 


0.264 


-1.787 x 10~ 12 


3.682 


1 


d 


1. 


.091 


X 


10 9 


0.264 


0.000 


4.363 





a 


9 


.653 


X 


10 8 


1.995 


0.000 


3.868 


1 


V) 


9 


.665 


X 


10 8 


1.688 


t <7C w in — 8 

— 7.473 X 10 


3.766 





a 


9 


.872 


X 


10 8 


1.995 


0.000 


3.835 


1 


b 


9 


.876 


X 


10 8 


1.665 


n Tin ^ y i n — O 

— 2.719 x 10 


3.764 





a 


9 


.982 


X 


10 8 


1 OO^ 

i .yyo 


n nnn 
U.UUU 


o. i oy 


1 
± 


b 


9 


.986 


X 


10 8 


1.689 


-1.517 x 10~ 5 


3.762 





a 


5 


.030 


X 


10 8 


2.512 


0.000 


3.938 


1 


b 


5. 


.116 


X 


10 8 


1.408 


-3.296 x 10~ 8 


3.709 


1 


c 


5 


.508 


X 


10 8 


0.339 


0.000 


3.626 


2 


d 


5. 


.567 


X 


10 8 


0.339 


0.000 


4.563 





a 


5. 


.143 


X 


10 8 


2.512 


0.000 


3.874 


1 


b 


5. 


.177 


X 


10 8 


1.656 


-1.889 x 10~ 7 


3.707 


1 


c 


5 


.311 


X 


10 8 


0.380 


-7.252 x lO" 10 


3.584 


2 


d 


1. 


.023 


X 


10 9 


0.380 


0.000 


4.587 


1 


a 


5. 


.176 


X 


10 8 


2.512 


0.000 


3.795 


1 


b 


5 


.205 


X 


10 8 


1.903 


-1.034 x 10~ 6 


3.698 


1 


c 


5. 


.300 


X 


10 8 


0.430 


-4.536 x 10~ 9 


3.573 


2 



L © 














9 


p 




<«©> 


(M©) 


(M ) 










(days) 


.468 


0.019 


0.285 


(J 


.000 


0. 


.600 





.094 


40.70 


.503 


4.000 


0.200 





.000 


0. 


700 


1 


.500 


1.912 


.836 


3.431 


0.199 





.000 


0. 


.693 





.584 


2.097 


.000 


17.326 


0.286 





.000 


0. 


610 





.098 


49.17 


.439 


0.018 


0.296 





.000 





610 





.098 


49.17 


.484 


4.853 


0.211 





.000 





.700 


1. 


.500 


2.551 


.962 


4.062 


0.215 





.000 


0. 


691 





.646 


2.601 


.096 


19.971 


0.297 





.000 


0. 


622 


0. 


.102 


59.88 


.420 


0.018 


0.306 





.000 


0. 


622 





.102 


59.88 


.479 


3.296 


0.175 





.000 


0. 


.700 


2. 


.000 


1.381 


.569 


2.479 


0.169 





.000 


0. 


.689 





.470 


1.472 


.735 


11.225 


0.260 





.000 


0. 


.573 


0. 


.100 


26.78 


.117 


0.059 


0.269 





.000 


0. 


.573 


0. 


.100 


26.78 


.502 


3.994 


0.200 





.000 





.700 


2 


.000 


1.842 


.686 


2.839 


0.196 





.000 





.691 





.540 


1.713 


.826 


12.838 


0.271 





.000 





.582 


0. 


.105 


32.14 


222 


0.061 


0.280 





.000 





582 





.105 


32.14 


.484 


4.857 


0.211 





.000 


0. 


.700 


2 


.000 


2.458 


.803 


3.308 


0.211 





.000 


0. 


691 


0. 


.620 


2.046 


.911 


14.798 


0.281 





.000 


0. 


.597 





.109 


39.14 


362 


0.060 


0.291 





.000 


0. 


597 





.109 


39.14 


.349 


3.304 


0.170 





.000 


0. 


.700 


3 


.000 


1.302 


.202 


1.455 


0.156 





.000 


0. 


.696 


0. 


.689 


0.6091 


.315 


7.042 


0.211 





.000 





518 


0. 


.104 


13.90 


.068 


0.061 


0.247 





.000 


0. 


518 


0. 


.104 


13.90 


.500 


4.003 


0.199 





.000 


0. 


.700 


3 


.000 


1.736 


.380 


1.794 


0.194 





.000 


0. 


.694 





.623 


0.8654 


.540 


8.360 


0.232 





.000 


() 


.513 


0. 


.105 


17.86 


.092 


0.065 


0.250 





.000 





.513 


0. 


.105 


17.86 


.484 


4.855 


0.210 





.000 


0. 


.700 


3 


.000 


2.316 


.501 


2.178 


0.208 





.000 


0. 


.693 





.619 


1.160 


.642 


9.574 


0.243 





.000 





.530 


0. 


.110 


21.49 


.027 


0.065 


0.260 





.000 


0. 


.530 


0. 


.110 


21.49 


.476 


3.358 


0.175 





.000 





.700 


4 


.000 


1.284 


.426 


1.601 


0.172 





.000 


0. 


700 


2 


.092 


0.5021 


.498 


4.005 


0.199 





.000 





.700 


4. 


.000 


1.659 


534 


1.833 


0.195 





.000 


0. 


.700 


2 


.008 


0.6218 


.483 


4.856 


0.210 





.000 


0. 


.700 


4. 


.000 


2.213 


.727 


2.310 


0.208 





.000 


0. 


.700 


2. 


.096 


0.8673 


.903 


3.965 


0.242 





.000 


0. 


.700 


1. 


.100 


1.743 


.107 


4.548 


0.238 





.000 


0. 


696 


0. 


.416 


3.029 


.361 


28.262 


0.328 





.000 


0. 


.571 


0. 


.076 


95.37 


.641 


0.052 


0.337 





.000 


0. 


571 


0. 


.076 


95.37 


.913 


5.381 


0.273 





.000 


0. 


.700 


1 


.100 


2.748 


.262 


5.512 


0.272 





.000 


0. 


697 


0. 


.527 


3.691 


.304 


32.203 


0.319 





.000 


0. 


.592 


0. 


.086 


109.8 


.035 


0.074 


0.378 





.211 


0. 


.592 


0. 


.086 


109.8 


.857 


7.279 


0.281 





.000 





.700 


1. 


.100 


4.335 


.440 


7.039 


0.285 





.000 


0. 


696 





.658 


4.906 


.363 


36.249 


0.329 





.000 





.616 





.099 


123.6 
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Tabic 1: continued 











*1 




M 1 


logT off 










(y) 


(M©) 


(Mgyr- 1 ) 




d 


1.017 x 10 1 " 


0.430 


0.000 


3.550 




5 


.032 


X 


10 8 


2.512 


0.000 


3.938 


b 


5 


.081 


X 


10 8 


1.248 


—3.721 x 10~ 8 


3.715 


c 


5 


.393 


X 


10 8 


0.321 


-1.078 x 10~ 9 


3.617 


d 


5 


.538 


X 


10 8 


0.321 


0.000 


4.549 




5 


.143 


X 


10 8 


2.512 


0.000 


3.875 


b 


5. 


.168 


X 


10 8 


1.453 


— 2 234 x 1 0~ 7 


3.710 


c 


5. 


.315 


X 


10 8 


0.340 


-4.037 x 10 -10 


3.620 


d 


1. 


.221 


X 


10 9 


0.340 


0.000 


4.540 




5. 


.176 


X 


10 8 


2.512 


0.000 


3.795 




5. 


.198 


X 


10 8 


1.669 


_q loo v i n -7 


3.700 


c 


5. 


.303 


X 


10 8 


0.364 


-2.231 x 10~ 9 


3.592 


d 


1. 


.046 


X 


10 9 


0.364 


0.000 


4.365 




5. 


.032 


X 


10 8 


2.512 


0.000 


3.937 


b 


5 


.049 


X 


10 8 


1.285 


— 2.409 x 10 — 7 


3.740 


c 


5 


.422 


X 


10 8 


0.299 


-4.078 x 10 -11 


3.667 


d 


5 


.568 


X 


10 8 


0.299 


0.000 


4.490 




5. 


.144 


X 


10 8 


2.512 


0.000 


3.875 


b 


5. 


.159 


X 


10 8 


1.341 


— 3.662 x 10 -7 


3.720 


c 


5. 


.315 


X 


10 8 


0.329 


-1.009 x 10 -11 


3.677 


d 


1. 


.349 


X 


10 9 


0.329 


0.000 


4.619 




5. 


.176 


X 


10 8 


2.512 


0.000 


3.794 


b 


5. 


.190 


X 


10 8 


1.475 


—8 723 -x 1 -7 

O. 1 iiO s\ LKJ 


3.706 


c 


5 


303 


X 


10 8 


0.342 


-5.569 x 10- 11 


3.646 


d 


1. 


.185 


X 


10 9 


0.342 


0.000 


4.534 


a 


5. 


.033 


X 


10 


2.512 


0.000 


3.937 


b 


5 


041 


X 


10 8 


1.366 


-1.087 x 10~ 6 


3.749 


c 


5. 


.451 


X 


10 8 




■~i ^qi m - ^ 
— o.oyi x iu 


1 TIT 


d 


5. 


.629 


X 


10 8 


0.287 


0.000 


4.525 


a 


5. 


.145 


X 


10 8 


2 512 


u.uuu 


O.O 1 


b 


5. 


.152 


X 


10 8 


1.316 


-1.099 x 10~ 6 


3.737 


c 


5 


.304 


X 


10 8 


0.318 


o n^c; v in — H 
— o.Ooo X 10 


3.736 


d 


5. 


.386 


X 


10 8 


0.318 


0.000 


4.465 


a 


5. 


.177 


X 


10 8 


2.512 


0.000 


3.794 


b 


5. 


.183 


X 


10 8 


1.326 


i /ion — j in — 6 
— 1.420 X 10 


3.720 


c 


5 


.289 


X 


10 8 


0.333 


-3.211 X lO" 10 


3.717 


d 


1. 


.291 


X 


10 9 


0.333 


0.000 


4.566 


a 


5 


.038 


X 


10 8 


2.512 


0.000 


3.936 


b 


5. 


042 


X 


10 8 


2.086 


o nnn in — 6 
— 3.090 X 10 


3.769 


a 


5. 


.148 


X 


10 8 


2.512 


0.000 


3.874 


b 


5. 


.150 


X 


10 8 


2.025 


-1.800 x 10~ 5 


3.765 


a 


5 


.178 


X 


10 8 


2.512 


0.000 


3.795 


b 


5 


.179 


X 


10 8 


2.105 


-5.477 x 10~ 7 


3.754 


a 


2. 


.707 


X 


10 8 


3.162 


0.000 


4.004 


b 


2 


.723 


X 


10 8 


1.597 


-2.679 x 10~ 7 


3.722 


c 


2 


.823 


X 


10 8 


0.398 


-1.702 x 10~ 9 


3.630 


d 


6 


.511 


X 


10 8 


0.398 


0.000 


4.678 


a 


2 


.755 


X 


10 8 


3.162 


0.000 


3.910 


b 


2. 


.762 


X 


10 8 


1.970 


-1.005 x 10- 6 


3.710 


c 


2. 


.804 


X 


10 8 


0.467 


-2.520 x 10~ 8 


3.590 

















9 


p 




<«©> 


(M ) 


(Mo) 










(days) 


-4.500 


0.015 


0.429 


0. 


307 


0. 


.616 


0. 


.098 


123.7 


1.902 


3.976 


0.242 


0. 


000 


0. 


700 


1 


.500 


1.684 


0.993 


3.886 


0.234 


0. 


000 





.694 





.425 


2.540 


2.089 


21.592 


0.283 


0. 


000 





.535 





.083 


65.57 


0.860 


0.072 


0.318 


0. 


000 





.535 





.083 


65.59 


1.913 


5.369 


0.273 


0. 


000 


0. 


.700 


1. 


.500 


2.656 


1.146 


4.753 


0.271 


0. 


000 


0. 


696 


0. 


.532 


3.155 


2.291 


26.853 


0.315 


0. 


000 


0. 


554 





.088 


88.49 


0.923 


0.080 


0.337 


0. 


067 


0. 


554 





.088 


88.49 


1.857 


7.286 


0.281 


0. 


000 


0. 


.700 


1. 


.500 


4.189 


1.321 


6.080 


0.283 


0. 


000 


0. 


.695 





.663 


4.203 


2.353 


32.787 


0.327 


0. 


000 


0. 


.589 


0. 


.095 


115.4 


1.778 


0.482 


0.356 


0. 


105 


0. 


.589 


0. 


.095 


115.5 


1.900 


3.972 


0.241 


0. 


000 





.700 


2 


.000 


1.623 


0.828 


2.862 


0.233 


0. 


000 





.697 


0. 


.518 


1.569 


2.057 


16.516 


0.277 


0. 


000 





.474 


0. 


.086 


45.46 


0.698 


0.078 


0.296 


0. 


000 





.474 


0. 


.086 


45.46 


1.912 


5.374 


0.273 


0. 


000 


0. 


.700 


2 


.000 


2.559 


0.990 


3.789 


0.269 


0. 


000 


0. 


696 


0. 


.552 


2.333 


2.239 


19.463 


0.306 


0. 


000 


0. 


.464 





.096 


55.62 


1.051 


0.065 


0.327 


0. 


111 


0. 


.464 


0. 


.096 


55.62 


1.857 


7.295 


0.281 


0. 


000 


0. 


700 


2 


.000 


4.037 


1.163 


4.935 


0.281 


0. 


000 





.694 





.643 


3.276 


2.328 


24.848 


0.322 


0. 


000 





.530 





.100 


78.70 


0.891 


0.080 


0.339 


0. 


099 





.530 





.100 


78.70 


1.896 


3.960 


0.239 


0. 


000 


0. 


.700 


3 


.000 


1.529 


0.437 


1.750 


0.230 


0. 


000 





698 





.689 


0.7157 


1.874 


9.696 


0.257 


0. 


000 


0. 


273 





.094 


20.91 


0.577 


0.058 


0.284 


0. 


000 





273 


0. 


.094 


20.91 


1.911 


5.359 


0.272 


0. 


000 


0. 


.700 


3 


.000 


2.412 


0.658 


2.394 


0.267 


0. 


000 


0. 


.696 


0. 


.647 


1.172 


2.005 


11.298 


0.283 


0. 


000 


0. 


.245 


0. 


.105 


25.04 


0.756 


0.094 


0.314 


0. 


000 


0. 


.245 


0. 


.105 


25.04 


1.857 


7.298 


0.281 


0. 


000 


0. 


.700 


3 


.000 


3.804 


0.855 


3.237 


0.280 


0. 


000 


0. 


.695 





.655 


1.834 


2.133 


14.345 


0.302 


0. 


000 


0. 


.296 





.110 


35.07 


0.633 


0.051 


0.331 


0. 


112 


0. 


.296 





.110 


35.07 


1.892 


3.963 


0.237 


0. 


000 


0. 


.700 


4 


.000 


1.461 


0.540 


1.797 


0.230 


0. 


000 


0. 


.700 


1 


.981 


0.5403 


1.910 


5.365 


0.272 


0. 


000 


0. 


.700 


4 


.000 


2.305 


0.727 


2.270 


0.267 


0. 


000 


0. 


.700 


1. 


.817 


0.7863 


1.858 


7.274 


0.281 


0. 


000 


0. 


.700 


4. 


.000 


3.635 


1.026 


3.375 


0.279 


0. 


000 





.700 


2. 


.034 


1.380 


2.318 


4.728 


0.330 


0. 


000 


0. 


.700 


1. 


.100 


2.020 


1.389 


5.933 


0.323 


0. 


000 





.697 


0. 


.360 


4.254 


2.624 


37.523 


0.364 


0. 


000 





.434 


0. 


.071 


134.5 


1.249 


0.062 


0.396 


0. 


260 





.434 


0. 


.071 


134.5 


2.313 


7.241 


0.366 


0. 


000 


0. 


.700 


1. 


.100 


3.818 


1.562 


7.674 


0.364 


0. 


000 


0. 


.698 


0. 


.484 


5.577 


2.618 


44.906 


0.389 


0. 


000 


0. 


500 





.084 


163.1 
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Tabic 1: continued 









*1 




M 1 


logT eff 








(y) 


(M ) 


(Mgyr- 1 ) 




d 


6.636 


x 


10 9 


0.467 


0.000 


3.601 




2.766 




10 8 


3.162 


0.000 


3.793 


b 


2.773 




10 8 


2.376 


— 4.369 x 10~ 6 


3.694 


c 


4.216 


x 


10 8 


0.552 


-4.029 x 10" 11 


3.683 


d 


4.218 


x 


10 8 


0.552 


0.000 


3.875 




2.707 


x 


10 8 


3.162 


0.000 


4.004 


b 


2.715 




10 s 


1.732 


— 9 631 x 1 0~ 7 


3.753 


c 


2.828 


X 


10 8 


0.387 


-2.424 x 10" 11 


3.681 


d 


6.866 


X 


10 8 


0.387 


0.000 


4.663 




2.755 




10 8 


3.162 


0.000 


3.911 


b 


2.761 




10 8 


1.840 


— 1 473 x 1 -6 

J- . 1 O S\ LKJ 


3.718 


c 


2.805 


X 


10 8 


0.435 


-3.545 x 10~ 9 


3.643 


d 


4.845 


X 


10 8 


0.435 


0.000 


4.454 




2.766 


X 


10 8 


3. 162 


0.000 


3.793 


b 


2.771 


X 


10 8 


2 069 


_ k i«o v in -6 

O . XvJO A. LKJ 


3 696 


c 


2.799 


X 


10 8 


0.492 


-3.926 x 10~ 8 


3.586 


d 


4.631 


X 


10 9 


0.492 


0.000 


3.649 




2.708 


X 


10 8 


3.162 


0.000 


4.003 


b 


2.712 


X 


10 8 


1.812 


— 1.886 x 10 -6 


3.763 


c 


2.831 


X 


10 8 


0.377 


-3.657 x 10" 11 


3.715 


d 


6.904 


X 


10 8 


0.377 


0.000 


4.588 




2.755 


X 


10 8 


3.162 


0.000 


3.910 


b 


2.759 


X 


10 8 


1.743 


— 2 333 x 1 -6 


3.727 


c 


2.805 


X 


10 8 


0.424 


0.000 


3.704 


d 


1.232 x 10 10 


0.424 


0.000 


3.486 




2.766 x 10 8 


3. 162 


0.000 


3.794 


b 


2.770 x 


10 8 


1.867 


— 5.232 x 10~ 6 


3.703 


c 


2.800 x 10 8 


0.448 


-5.829 x 10~ 9 


3.636 


d 


1.044 x 10 10 


0.448 


0.000 


3.527 


a 


2.709 


X 


10 8 


3.162 


0.000 


4.002 


b 


2.712 


X 


10 8 


1.735 


-3.870 x 10~ 6 


3.757 


c 


2.837 


X 


10 8 


0.363 


— z.yoo x iu 


3.779 


d 


7.649 


X 


10 8 


0.363 


0.000 


4.581 


a 


2.756 


X 


10 8 


1 f\o 

O. lO-i 


n nnn 
u.uuu 


o.yiu 


b 


2.758 


X 


10 8 


1.681 


-4.543 x 10~ 6 


3.740 


c 


2.805 


X 


10 8 


0.416 


— 8.731 x 10 


3.799 


d 


5.899 


X 


10 8 


0.416 


0.000 


4.772 


a 


2.766 


X 


10 8 


3. 162 


0.000 


3.794 


b 


2.768 


X 


10 8 


1.690 


—6.623 x 10 


3.718 


c 


2.800 


X 


10 8 


0.432 


0.000 


3.742 


d 


1.067 x 10 10 


0.432 


0.000 


3.514 


a 


2.712 


X 


10 8 


3.162 


0.000 


4.001 


b 


2.713 


X 


10 8 


2.696 


-6.725 x 10~ 5 


3.788 


a 


2.757 


X 


10 8 


3.162 


0.000 


3.909 


b 


2.757 


X 


10 8 


2.477 


-8.774 x 10~ 5 


3.773 


a 


2.766 


X 


10 8 


3.162 


0.000 


3.793 


b 


2.767 


X 


10 8 


2.679 


-5.228 x 10~ 5 


3.751 


a 


1.489 


X 


10 8 


3.981 


0.000 


4.069 


b 


1.494 


X 


10 8 


2.221 


-3.315 x 10- 6 


3.763 


c 


1.531 


X 


10 8 


0.520 


-1.760 x 10~ 8 


3.659 



;(■ 


Lg 1 














9 


p 






(«©> 


(M ) 


(M©) 










(days) 


•4 


.335 


0.014 


0.466 


0.374 


0. 


.500 


0. 


.084 


163.2 


2 


.214 


11.064 


0.372 


0.000 


0. 


700 


1. 


.100 


7.218 


1 


.789 


10.708 


0.374 


0.000 





698 





.649 


8.237 


3 


140 


53.395 


0.543 


0.486 





577 


0. 


.101 


195.1 


3 


141 


22.100 


0.545 


0.486 


0. 


577 





.101 


195.1 


2 


.316 


4.718 


0.328 


0.000 


0. 


.700 


1. 


.500 


1.952 


1 


.238 


4.322 


0.320 


0.000 





699 


0. 


.489 


2.514 


2 


.556 


27.485 


0.353 


0.000 


0. 


.305 





.079 


85.67 


1 


073 


0.054 


0.386 


0.233 


0. 


305 


0. 


.079 


85.67 


2 


.313 


7.223 


0.365 


0.000 


0. 


.700 


1. 


.500 


3.690 


1 


.434 


6.374 


0.363 


0.000 


0. 


698 


0. 


.537 


4.347 


2 


.617 


35.148 


0.387 


0.000 


0. 


.365 


0. 


.090 


117.1 


1 


.305 


0.185 


0.422 


0.170 


0. 


.365 





.090 


117.1 


2 


.214 


11.069 


0.372 


0.000 


0. 


.700 


1 


.500 


6.976 


1 


.671 


9.273 


0.374 


0.000 





.696 


0. 


.646 


7.114 


2 


.601 


44.854 


0.396 


0.000 





.521 





.103 


159.2 


■4 


.162 


0.014 


0.491 


0.413 





.521 





.103 


159.4 


2 


.315 


4.739 


0.328 


0.000 


0. 


.700 


2 


.000 


1.881 


1 


.024 


3.231 


0.318 


0.000 


0. 


.699 


0. 


.618 


1.569 


2 


.402 


19.679 


0.334 


0.000 





.202 





.086 


52.68 


1 


.216 


0.090 


0.373 


0.101 


0. 


.202 


0. 


.086 


52.68 


2 


.313 


7.243 


0.365 


0.000 


0. 


700 


2 


.000 


3.556 


1 


.263 


5.020 


0.361 


0.000 


0. 


697 





.581 


3.108 


2 


.572 


25.229 


0.381 


0.000 





240 





.098 


72.30 


•4 


.765 


0.015 


0.424 


0.298 





240 





.098 


72.30 


2 


.216 


11.041 


0.372 


0.000 


0. 


.700 


2. 


.000 


6.722 


1 


.513 


7.480 


0.373 


0.000 


0. 


.695 


0. 


.649 


5.424 


2 


.600 


35.530 


0.395 


0.000 


0. 


.385 





.104 


117.6 


•4 


619 


0.014 


0.448 


0.343 


0. 


.385 


0. 


.104 


117.6 


2 


.312 


4.734 


0.326 


0.000 


0. 


.700 


3 


.000 


1.773 





.618 


2.083 


0.314 


0.000 


0. 


.698 





.699 


0.8228 


2 


.187 


11.471 


0.313 


0.000 


0. 


.175 





.094 


23.93 





.958 


0.069 


0.360 


0.105 


0. 


.175 





.094 


23.93 


2 


.312 


7.233 


0.365 


0.000 


0. 


.700 


3 


.000 


3.351 





.925 


3.208 


0.359 


0.000 





697 





.663 


1.604 


2 


.463 


14.358 


0.368 


0.000 





.217 





.109 


31.40 


1 


.418 


0.049 


0.415 


0.298 





217 





.109 


31.40 


2 


.217 


11.038 


0.372 


0.000 


0. 


.700 


3 


.000 


6.335 


1 


206 


4.899 


0.371 


0.000 


0. 


.695 


0. 


.669 


3.015 


2 


.554 


20.768 


0.388 


0.000 


0. 


.246 


0. 


.114 


53.63 


■4 


.657 


0.015 


0.432 


0.314 


0. 


246 


0. 


.114 


53.63 


2 


.308 


4.733 


0.324 


0.000 


0. 


.700 


4 


.000 


1.694 





.829 


2.306 


0.315 


0.000 


0. 


.700 


2. 


.145 


0.6805 


2 


.311 


7.241 


0.364 


0.000 


0. 


700 


4 


.000 


3.202 





.965 


2.881 


0.358 


0.000 


0. 


.700 


1 


.678 


1.024 


2 


.216 


11.076 


0.372 


0.000 


0. 


.700 


4. 


.000 


6.053 


1 


.405 


5.289 


0.371 


0.000 





.700 


2 


103 


2.380 


2 


.720 


5.574 


0.442 


0.000 





.700 


1. 


.100 


2.313 


1 


.621 


6.437 


0.438 


0.000 





699 





.413 


4.057 


2 


.832 


41.793 


0.446 


0.000 


0. 


.231 





.074 


138.3 
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Tabic 1: continued 











*1 




M i 




M 1 


logT eff 










(y) 


(M Q ) 


(Mgyr- 1 ) 






d 


9 


.219 


X 


10 9 





.520 




0.000 


3. 


.561 




1. 


.510 


X 


10 8 


3 


.981 




0.000 


3 


941 


b 


1 


.513 


X 


10 8 


2 


.460 


-5.639 


x 10~ 6 


3 


713 


c 


2. 


.274 


X 


10 8 





.609 


-1.330 


x 10 -5 


3 


793 


d 


2 


.274 


X 


10 8 





.609 


-1.330 


x 10~ 5 


3 


.793 




1. 


514 


X 


10 8 


3 


.981 




0.000 


3 


784 


b 


1. 


516 


X 


10 8 


2 


.932 


-2.006 


x 10~ 5 


3. 


685 


c 


2. 


.096 


X 


10 8 





.702 


-1.418 


x 10~ 7 


3. 


.780 


d 


2. 


.096 


X 


10 8 





.702 




0.000 


Q 

o. 


■ OOZ 




1. 


.489 


X 


10 8 


3 


.981 




0.000 


4 


.068 




1. 


.492 


X 


10 8 


2 


.370 


-5.216 


x 10~ 6 


3 


774 


c 


1. 


.533 


X 


10 8 





.502 


-8.365 x 10~ 10 


3 


717 


d 


1.192 x 10 10 





.502 




0.000 


3. 


.508 




1. 


.510 


X 


10 8 


3 


.981 




0.000 


3 


941 


b 


1. 


.512 


X 


10 8 


2 


.345 


-7.665 


x 10~ 6 


3. 


.721 


c 


1. 


527 


X 


10 8 





.576 


-1.308 


x 10~ 8 


3 


655 


d 


4. 


.537 


X 


10 9 





.576 




0.000 


Q 

o. 


■ Oil 




1. 


514 


X 


10 8 


3 


.981 




0.000 


3 


784 


b 


1. 


.516 


X 


10 8 


2 


.599 


-2.391 


x 10" 5 


3. 


689 


c 


2 


.153 


X 


10 8 





.645 


-8.010 


x 10~ 6 


3. 


.801 


d 


2. 


.153 


X 


10 8 





.645 


-8.010 


x 10" 6 


Q 

o. 


am 
oUl 




1 


.489 


X 


10 8 


3 


.981 




0.000 


4 


068 


b 


1 


.492 


X 


10 8 


2 


.375 


-7.186 


x 10~ 6 


3. 


.772 


c 


1. 


.537 


X 


10 8 





.490 


-1.907 x 10- 10 


3. 


783 


d 


1.378 x 10 10 





.490 




0.000 


3. 


.474 




1. 


.510 


X 


10 8 


3 


.981 




0.000 


3 


941 


b 


1. 


512 


X 


10 8 


2 


.245 


-1.033 


x 10" 5 


3. 


729 


c 


1. 


.527 


X 


10 8 





.561 


-1.891 


x 10~ 9 


3. 


.725 


d 


4. 


.217 


X 


10 8 





.561 




0.000 


4. 


.178 




1. 


.514 


X 


10 8 


3 


.981 




0.000 


3 


785 


b 


1. 


.516 


X 


10 8 


2 


.383 


-2.414 


x 10~ 5 


3 


697 


c 


1. 


.525 


X 


10 8 





.605 


-3.276 


x 10~ 8 


3 


627 


d 


2. 


.306 


X 


10 8 





.605 




0.000 


5. 


066 


a 


1 


.490 


X 


10 8 


3 


.981 




0.000 


4. 


.068 


b 


1. 


.492 


X 


10 8 


2 


.189 


-1.241 


x 10~ 5 


3. 


763 


c 


1. 


.541 


X 


10 8 





.476 


-6.857 x 10~ 12 


3 


.885 


d 


8. 


970 


X 


10 9 





.476 




0.000 


3. 


.547 


a 


1. 


.510 


X 


10 8 


3 


.981 




0.000 


3. 


.941 


LJ 


1. 


.511 


X 


10 8 


2 


.144 


-1.697 


x 10~ 5 


3. 


.741 


C 


1. 


.528 


X 


10 8 





.552 


-1.637 


x 10- 9 


3. 


.847 


d 


5. 


.300 


X 


10 9 





.552 




0.000 


3 


.643 


a 


1. 


.514 


X 


10 8 


3 


.981 




0.000 


3 


784 


b 


1 


.515 


X 


10 8 


2 


.135 


-2.724 


x 10~ 5 


3. 


.713 


c 


1 


.525 


X 


10 8 





.573 


-2.156 


x 10~ 9 


3. 


.736 


d 


4. 


.427 


X 


10 9 





.573 




0.000 


3. 


.673 


a 


1. 


.493 


X 


10 8 


3 


.981 




0.000 


4 


065 


b 


1. 


.493 


X 


10 8 


3 


.461 


-1.061 


x 10~ 4 


3. 


794 


a 


1. 


.511 


X 


10 8 


3 


.981 




0.000 


3. 


941 


b 


1. 


.511 


X 


10 8 


3 


.247 


-1.585 


x 10~ 4 


3 


774 


a 


1. 


.514 


X 


10 8 


3 


.981 




0.000 


3. 


.785 


b 


1. 


.515 


X 


10 8 


3 


.453 


-1.006 


x 10- 4 


3. 


.741 



;(- 


L > 














q 


p 






(«©> 


(M ) 


(M ) 










(days) 


■4 


.556 


0.013 


0.520 


0.454 


0. 


.231 


0. 


.074 


138.3 


2 


.701 


9.802 


0.486 


0.000 





700 


1. 


.100 


5.380 


1 


.845 


10.479 


0.484 


0.000 


0. 


699 





.479 


7.959 


3 


.651 


57.930 


0.604 


0.539 





395 





.087 


208.7 


3 


.651 


57.930 


0.604 


0.539 


0. 


.395 


0. 


.087 


208.7 


2 


.562 


17.219 


0.492 


0.000 


0. 


.700 


1 


.100 


12.52 


2 


146 


16.815 


0.494 


0.000 


0. 


698 





.628 


14.60 


3 


.902 


82.054 


0.698 


0.649 


0. 


278 


0. 


.102 


329.5 


3 


.898 


55.911 


0.698 


0.648 





278 


0. 


.102 


329.5 


2 


.718 


5.572 


0.442 


0.000 


0. 


.700 


1. 


.500 


2.235 


1 


.426 


4.872 


0.435 


0.000 


0. 


.699 


0. 


.556 


2.553 


2 


.807 


31.081 


0.439 


0.000 





.180 





.082 


90.56 


•4 


754 


0.014 


0.501 


0.427 


0. 


.180 





.082 


90.56 


2 


.701 


9.804 


0.486 


0.000 





.700 


1. 


.500 


5.199 


1 


.706 


8.602 


0.483 


0.000 





.698 


0. 


.547 


6.023 


2 


.867 


44.269 


0.493 


0.000 


0. 


270 





.095 


144.0 


■4 


.165 


0.013 


0.576 


0.530 


0. 


.270 





.095 


144.0 


2 


.563 


17.219 


0.492 


0.000 


0. 


.700 


1. 


.500 


12.10 


2 


.029 


14.474 


0.494 


0.000 


0. 


.696 





.644 


12.36 


3 


.795 


65.978 


0.641 


0.586 


0. 


.390 


0. 


.108 


247.6 


3 


.795 


65.978 


0.641 


0.586 


0. 


.390 





.108 


247.6 


2 


.717 


5.560 


0.440 


0.000 


0. 


.700 


2. 


.000 


2.154 


1 


.195 


3.771 


0.430 


0.000 


0. 


.699 





.660 


1.720 


2 


.776 


22.172 


0.430 


0.000 


0. 


170 


0. 


.089 


55.31 


•4 


.879 


0.014 


0.490 


0.410 


0. 


170 


0. 


.089 


55.31 


2 


.701 


9.831 


0.486 


0.000 


0. 


.700 


2 


.000 


5.010 


1 


.529 


6.751 


0.482 


0.000 


0. 


698 





.602 


4.259 


2 


.858 


31.827 


0.489 


0.000 


0. 


.227 


0. 


.104 


89.12 


-2 


.077 


0.013 


0.561 


0.515 


0. 


.227 





.104 


89.12 


2 


.564 


17.195 


0.492 


0.000 





.700 


2 


.000 


11.66 


1 


.873 


11.628 


0.493 


0.000 


0. 


695 





.664 


9.276 


2 


.861 


50.096 


0.503 


0.000 





346 





.113 


169.7 


2 


167 


0.030 


0.604 


0.577 





346 


0. 


.113 


169.8 


2 


.713 


5.550 


0.438 


0.000 





.700 


3 


.000 


2.030 





.787 


2.462 


0.424 


0.000 


0. 


.698 


0. 


.702 


0.9403 


2 


.707 


12.770 


0.420 


0.000 





.158 


0. 


.099 


24.57 


•4 


.573 


0.014 


0.476 


0.391 


0. 


.158 





.099 


24.57 


2 


.701 


9.795 


0.485 


0.000 


0. 


.700 


3 


.000 


4.722 


1 


.193 


4.343 


0.480 


0.000 


0. 


.697 





.677 


2.231 


2 


.854 


18.051 


0.485 


0.000 





213 





.116 


38.45 


•4 


.254 


0.013 


0.552 


0.498 


0. 


.213 


0. 


.116 


38.45 


2 


.563 


17.246 


0.492 


0.000 


0. 


700 


3 


.000 


10.98 


1 


.571 


7.635 


0.492 


0.000 





.693 


0. 


.673 


5.210 


2 


.852 


30.033 


0.500 


0.000 





.245 


0. 


.121 


81.04 


■4 


.152 


0.013 


0.573 


0.526 





.245 





.121 


81.04 


2 


.710 


5.600 


0.437 


0.000 


0. 


.700 


4 


.000 


1.940 


1 


.054 


2.895 


0.425 


0.000 


0. 


.700 


2 


.285 


0.8367 


2 


.700 


9.804 


0.485 


0.000 


0. 


.700 


4. 


.000 


4.512 


1 


.309 


4.263 


0.478 


0.000 


0. 


.700 


1 


.877 


1.585 


2 


.564 


17.215 


0.492 


0.000 


0. 


.700 


4 


.000 


10.50 


1 


.813 


8.851 


0.492 


0.000 





.700 


2 


.266 


4.484 
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Tabic 1: continued 











*1 






logT eff 







M c Ho 








q 


p 










(y) 


(M©) 


(Mgyr- 1 ) 






(«©> 


(M©) 


(Mq) 








(days) 


a 


8 


.471 


X 


10 7 


5.012 


0.000 


4.129 


3.107 


6.596 


0.595 


0.000 


0. 


.700 


1.100 


2.654 


b 


8 


.494 


X 


10 7 


2.683 


-1.169 x 10~ 5 


3.772 


1.837 


7.892 


0.591 


0.000 





.699 


0.390 


5.012 


c 


8 


.644 


X 


10 7 


0.685 


-9.765 x 10~ 9 


3.707 


3.113 


46.217 


0.587 


0.000 


0. 


.183 


0.077 


140.3 


d 


1 


.380 


X 


10 8 


0.685 


0.000 


5.212 


2.815 


0.032 


0.685 


0.668 


0. 


.183 


0.077 


140.3 


a 


8 


.566 


X 


10 7 


5.012 


0.000 


3.967 


3.078 


13.443 


0.645 


0.000 


0. 


.700 


1.100 


7.731 


b 


8 


.574 


X 


10 7 


3.133 


-2.441 x 10~ 5 


3.714 


2.122 


14.315 


0.645 


0.000 


0. 


.698 


0.487 


11.23 


c 


1 


.203 


X 


10 8 


0.774 


-9.466 x 10~ 7 


3.832 


4.069 


78.361 


0.771 


0.727 


0. 


.138 


0.088 


291.8 


d 


1 


.203 


X 


10 8 


0.774 


0.000 


4.065 


4.056 


26.394 


0.771 


0.727 


0. 


.138 


0.088 


291.8 


a 


8 


.583 


X 


10 7 


5.012 


0.000 


3.770 


2.913 


27.561 


0.652 


0.000 





700 


1.100 


22.52 


b 


8 


.589 


X 


10 7 


3.702 


-7.277 x 10~ 5 


3.675 


2.510 


26.872 


0.654 


0.000 





.698 


0.631 


26.18 


c 


1 


.159 


X 


10 8 


0.889 


0.000 


3.787 


4.327 


129.867 


0.000 


0.847 


0. 


002 


0.102 


583.5 


d 


1 


.159 


X 


10 8 


0.889 


0.000 


4.896 


4.365 


0.821 


0.000 


0.878 





.002 


0.102 


583.5 


a 


8 


.473 


X 


10 7 


5.012 


0.000 


4.129 


3.106 


6.593 


0.594 


0.000 


0. 


.700 


1.500 


2.565 


b 


8 


.487 


X 


10 7 


3.055 


-1.766 x 10~ 5 


3.785 


1.605 


5.706 


0.589 


0.000 


0. 


.700 


0.577 


2.840 


c 


8 


.651 


X 


10 7 


0.672 


-8.523 x 10~ 9 


3.775 


3.103 


33.466 


0.582 


0.000 


0. 


.174 


0.088 


87.50 


d 


1 


.409 


X 


10 8 


0.672 


0.000 


5.195 


2.735 


0.032 


0.672 


0.654 


0. 


.174 


0.088 


87.50 


a 


8 


.566 


X 


10 7 


5.012 


0.000 


3.966 


3.077 


13.474 


0.645 


0.000 


0. 


.700 


1.500 


7.472 


b 


8 


.573 


X 


10 7 


2.995 


-3.177 x 10~ 5 


3.721 


1.977 


11.754 


0.644 


0.000 


0. 


698 


0.559 


8.489 


c 


1 


.244 


X 


10 8 


0.748 


-5.073 x 10~ 7 


3.879 


4.001 


58.264 


0.742 


0.696 


0. 


170 


0.098 


190.9 


d 


1 


.244 


X 


10 8 


0.748 


0.000 


3.965 


3.999 


39.120 


0.742 


0.696 


0. 


.170 


0.098 


190.9 


a 


8 


.583 


X 


10 7 


5.012 


0.000 


3.770 


2.913 


27.555 


0.652 


0.000 


0. 


.700 


1.500 


21.76 


b 


8 


.588 


X 


10 7 


3.273 


-9.460 x 10~ 5 


3.678 


2.396 


23.158 


0.654 


0.000 





.695 


0.644 


22.24 


c 


1 


.137 


X 


10 8 


0.824 


-7.756 x 10- 11 


3.780 


4.100 


102.944 


0.000 


0.749 





.013 


0.109 


428.3 


d 


1 


.139 


X 


10 8 


0.824 


0.000 


5.192 


2.009 


0.014 


0.000 


0.817 





.013 


0.109 


428.3 


a 


8 


.477 


X 


10 7 


5.012 


0.000 


4.128 


3.105 


6.619 


0.594 


0.000 


0. 


.700 


2.000 


2.472 


b 


8 


.485 


X 


10 7 


3.031 


-2.248 x 10~ 5 


3.777 


1.360 


4.452 


0.581 


0.000 


0. 


.699 


0.675 


1.947 


c 


8 


.666 


X 


10 7 


0.657 


-8.942 x 10~ 9 


3.844 


3.087 


23.906 


0.574 


0.000 


0. 


.165 


0.096 


53.55 


d 


1 


.450 


X 


10 8 


0.657 


0.000 


5.171 


2.618 


0.031 


0.656 


0.636 


0. 


.165 


0.096 


53.55 


a 


8 


.566 


X 


10 7 


5.012 


0.000 


3.966 


3.077 


13.515 


0.645 


0.000 





.700 


2.000 


7.200 


b 


8 


.572 


X 


10 7 


2.893 


-3.976 x 10~ 5 


3.729 


1.799 


9.213 


0.643 


0.000 





.697 


0.626 


5.955 


c 


1 


.256 


X 


10 8 


0.741 


-6.717 x 10~ 7 


3.947 


3.963 


40.841 


0.734 


0.684 





.175 


0.109 


112.7 


d 


1 


.256 


X 


10 8 


0.741 


0.000 


4.088 


3.956 


21.188 


0.734 


0.684 


0. 


.175 


0.109 


112.7 


a 


8 


.583 


X 


10 7 


5.012 


0.000 


3.771 


2.914 


27.492 


0.652 


0.000 


0. 


.700 


2.000 


20.97 


b 


8 


.587 


X 


10 7 


3.007 


-9.567 x 10~ 5 


3.688 


2.244 


18.591 


0.654 


0.000 


0. 


694 


0.667 


16.65 


c 


1 


.194 


X 


10 8 


0.780 


-5.289 x 10~ 7 


3.839 


4.084 


77.268 


0.778 


0.733 


0. 


.127 


0.116 


286.2 


d 


1 


.194 


X 


10 8 


0.780 


0.000 


4.014 


4.074 


34.049 


0.778 


0.733 


0. 


.127 


0.116 


286.2 


a 


8 


.484 


X 


10 7 


5.012 


0.000 


4.127 


3.102 


6.616 


0.591 


0.000 


0. 


.700 


3.000 


2.329 


b 


8 


.489 


X 


10 7 


2.755 


-3.778 x 10~ 5 


3.769 


0.960 


2.917 


0.574 


0.000 


0. 


.698 


0.702 


1.079 


c 


8 


.684 


X 


10 7 


0.639 


-5.756 x 10~ 9 


3.960 


3.069 


13.747 


0.568 


0.000 


0. 


.154 


0.106 


23.71 


d 


1 


.500 


X 


10 8 


0.639 


0.000 


5.139 


2.465 


0.030 


0.639 


0.618 


0. 


.154 


0.106 


23.71 


a 


8 


.567 


X 


10 7 


5.012 


0.000 


3.966 


3.077 


13.493 


0.645 


0.000 


0. 


.700 


3.000 


6.785 


b 


8 


.570 


X 


10 7 


2.705 


-5.821 x 10~ 5 


3.741 


1.472 


5.976 


0.641 


0.000 


0. 


.695 


0.680 


3.198 


c 


1 


.271 


X 


10 8 


0.733 


-1.745 x 10~ 7 


4.065 


3.938 


22.999 


0.725 


0.677 


0. 


.185 


0.123 


48.00 


d 


1 


.271 


X 


10 8 


0.733 


0.000 


4.262 


3.924 


9.145 


0.725 


0.678 


0. 


.185 


0.123 


48.00 


a 


8 


.583 


X 


10 7 


5.012 


0.000 


3.770 


2.914 


27.549 


0.652 


0.000 


0. 


.700 


3.000 


19.77 


b 


8 


.586 


X 


10 7 


2.690 


-9.761 x 10~ 5 


3.705 


1.949 


12.215 


0.653 


0.000 


0. 


691 


0.674 


9.367 


c 


1 


.235 


X 


10 8 


0.753 


-1.050 x 10~ 6 


3.932 


3.990 


45.206 


0.747 


0.698 


0. 


.164 


0.127 


130.5 


d 


1 


.235 


X 


10 8 


0.753 


0.000 


4.344 


3.993 


6.787 


0.747 


0.704 


0. 


.164 


0.127 


130.5 


a 


8 


.495 


X 


10 7 


5.012 


0.000 


4.126 


3.098 


6.621 


0.589 


0.000 





700 


4.000 


2.226 


b 


8 


.496 


X 


10 7 


4.428 


-1.888 x 10~ 4 


3.804 


1.285 


3.618 


0.576 


0.000 





.700 


2.410 


1.024 
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Tabic 1: continued 









*1 


Mi 




M 1 


logT cf f 








(y) 


(Mq) 






a 


8.568 


X 


10 7 


5.012 




0.000 


3.965 


b 


8.569 


X 


10 


4. 197 


-3.823 


x 10 


3.778 


a 


8.583 


X 


in 7 


5.012 




0.000 


3.771 


b 


8.584 


X 


10 7 


4.399 


-2.724 


x 10~ 4 


3.730 




5.019 




10 7 


6.310 




0.000 


4.183 




5.030 




10 7 


3.003 


-3.375 


x 10" 5 


3.780 


c 


7.234 


X 


10 7 


0.835 


—4.060 


x 10~ 9 


3.913 


d 


7.343 


X 


10 7 


0.835 




0.000 


4.793 




5.060 


* 


10 7 


6.310 




0.000 


3.986 


b 


5.063 




10 7 


3.953 


-9.088 


x 10~ 5 


3.712 


c 


6.748 


X 


10 7 


0.867 


— 2.623 


w i n — 9 

x 10 


3.769 


d 


6.750 


X 


10 7 


0.867 




0.000 


4.911 




5 067 




10 7 


6 310 




0.000 


3 755 




5 070 




10 7 


4 649 


-2.558 


x 10" 4 


3 661 


c 


6.574 


X 


10 7 


1.002 


-8.423 


x 10~ 9 


3.687 


d 


6.575 


X 


10 7 


1.002 




0.000 


4.168 




5.020 




10 7 


6.310 




0.000 


4.183 




5.026 




10 7 


3.763 


-5.045 


x 10~ 5 


3.790 


c 


7.307 


X 


10 7 


0.832 


-1.909 


x 10- 9 


3.985 


d 


7.382 


X 


10 7 


0.832 




0.000 


4.869 




5.060 




10 7 


6.310 




0.000 


3.985 




5.063 




10 7 


3.780 


-1.121 


x 10- 4 


3.719 


c 


6.801 


X 


10 7 


0.853 


-1.486 


x 10- 9 


3.822 


d 


6.811 


X 


10 7 


0.853 




0.000 


5.302 




5 067 




10 7 


6 310 




0.000 


3 755 




5 069 




10 7 


4.134 


-3.232 


x 10~ 4 


3 665 


c 


6.413 


X 


10 7 


0.919 


-7.257 x 10~ 10 


3.712 


d 


6.415 


X 


10 7 


0.919 




0.000 


4.297 




5.021 


* 


10 7 


6.310 




0.000 


4.183 


b 


5.026 




10 7 


3.853 


-6.705 x 10 -5 


3.781 


c 


7.400 


X 


10 7 


0.829 


-6.570 x 10~ 10 


4.061 


d 


7.430 


X 


10 7 


0.829 




0.000 


5.071 




5.060 




10 7 


6.310 




0.000 


3.986 




5.062 




10 7 


3.647 


-1.364 


x 10~ 4 


3.727 


c 


6.834 


X 


10 7 


0.849 


-5.867 


x 10~ 9 


3.897 


d 


6.845 


X 


10 7 


0.849 




0.000 


5.271 




5.067 


x 


10 7 


6.310 




0.000 


3.755 


u 




o.uoy 


X 


in 7 


O. 1 ID 


-3.461 


x 10- 4 


O.D 1 


c 


6.644 


X 


10 7 


0.878 


-5.672 


x 10- 9 


3.750 


d 


6.646 


X 


10 7 


0.878 




0.000 


4.869 


a 


5.026 


X 


10 7 


6.310 




0.000 


4.182 


b 


5.028 


X 


10 7 


3.404 


-1.069 


x 10- 4 


3.777 


c 


7.663 


X 


10 7 


0.820 


-5.020 


x 10- 9 


4.179 


d 


7.698 


X 


10 7 


0.820 




0.000 


5.047 


a 


5.060 


X 


10 7 


6.310 




0.000 


3.986 


b 


5.062 


X 


10 7 


3.365 


-1.833 


x 10~ 4 


3.742 


c 


6.891 


X 


10 7 


0.845 


-1.532 


x 10~ 9 


4.020 


d 


6.902 


X 


10 7 


0.845 




0.000 


5.273 


a 


5.067 


X 


10 7 


6.310 




0.000 


3.755 


b 


5.068 


X 


10 7 


3.417 


-3.324 


x 10- 4 


3.697 


c 


6.762 


X 


10 7 


0.854 




0.000 


3.844 


















q 


p 




<«©> 


(M Q ) 


(M ) 










(days) 


3.076 


13.505 


0.644 





.000 


0. 


.700 


4. 


.000 


6.484 


1.662 


6.276 


0.638 





.000 


0. 


.700 


2 


030 


2.457 


2.915 


27.460 


0.652 





.000 


0. 


.700 


4. 


.000 


18.89 


2.211 


14.730 


0.653 





.000 


0. 


700 


2 


.357 


8.456 


3.478 


7.881 


0.814 





.000 


0. 


.700 


1. 


.100 


3.075 


2.117 


10.493 


0.809 





.000 


0. 


.694 


0. 


.332 


7.283 


4.130 


57.770 


0.000 


(J 


.765 


0. 


.000 





.075 


177.5 


0.172 


0.011 


0.000 


(J 


.828 


0. 


.000 


0. 


.075 


177.5 


3.442 


18.737 


0.864 





.000 





.700 


1 


.100 


11.27 


2.399 


19.875 


0.866 





.000 





.698 





.488 


16.32 


4.256 


129.778 


0.000 


(J 


.817 





.000 


0. 


.078 


587.1 


4.313 


0.722 


0.000 


(J 


.851 





.000 


0. 


.078 


587.1 


3.269 


44.473 


0.872 





.000 


0. 


.700 


1 


.100 


41.28 


2.875 


43.601 


0.874 





.000 


0. 


.697 





.629 


48.13 


4.489 


247.856 


0.000 





.977 


0. 


.000 





.091 


1446. 


4.543 


28.801 


0.000 





.995 





.000 


0. 


.091 


1446. 


3.477 


7.880 


0.813 





.000 


0. 


.700 


1. 


.500 


2.972 


1.788 


6.875 


0.807 





.000 


0. 


699 





.557 


3.387 


4.117 


40.870 


0.000 





.760 


0. 


.000 





.086 


106.1 


0.499 


0.011 


0.000 





.825 


0. 


000 


0. 


.086 


106.1 


3.442 


18.767 


0.864 





.000 


0. 


.700 


1. 


.500 


10.89 


2.254 


16.323 


0.865 





.000 


0. 


.697 


0. 


.561 


12.33 


4.182 


93.584 


0.000 





.791 


0. 


.000 


0. 


.088 


363.4 


2.531 


0.015 


0.000 


(J 


.848 





000 


0. 


.088 


363.4 


3.270 


44.432 


0.872 





.000 


0. 


.700 


1. 


.500 


39.90 


2.763 


37.506 


0.874 





.000 


0. 


.694 


0. 


.648 


40.62 


4.399 


199.021 


0.000 





.878 


0. 


.005 





.096 


1088. 


4.455 


14.368 


0.000 


(J 


.909 


0. 


.005 


0. 


.096 


1088. 


3.476 


7.865 


0.812 





.000 


0. 


.700 


2 


.000 


2.864 


1.527 


5.298 


0.803 





.000 


0. 


.699 





.687 


2.235 


4.104 


28.360 


0.000 


(J 


.754 





.000 


0. 


.096 


61.61 


1.403 


0.012 


0.000 


(J 


.822 





.000 


0. 


.096 


61.61 


3.442 


18.733 


0.864 





.000 


0. 


.700 


2 


.000 


10.49 


2.078 


12.806 


0.864 





.000 


0. 


696 


0. 


.627 


8.666 


4.167 


65.073 


0.000 





.785 


0. 


000 





.099 


211.6 


2.364 


0.015 


0.000 





.843 


0. 


000 





.099 


211.6 


3.270 


44.545 


0.872 





.000 


0. 


.700 


2. 


.000 


38.45 


2.617 


30.304 


0.874 





.000 





690 





.646 


31.11 


4.290 


147.130 


0.000 





.831 


0. 


.001 





.102 


707.8 


4.343 


0.905 


0.000 





.864 


0. 


001 





.102 


707.8 


3.473 


7.867 


0.810 





.000 





.700 


3 


.000 


2.699 


1.149 


3.493 


0.788 





.000 


0. 


.697 


0. 


.680 


1.273 


4.076 


15.937 


0.000 





.742 


0. 


.002 


0. 


.108 


26.14 


1.306 


0.012 


0.000 





.812 


0. 


002 





.108 


26.14 


3.442 


18.737 


0.864 





.000 





.700 


3 


.000 


9.890 


1.762 


8.335 


0.863 





.000 


0. 


.692 


0. 


.667 


4.716 


4.154 


36.274 


0.000 





.779 


0. 


.000 


0. 


.112 


88.49 


2.388 


0.015 


0.000 





.839 


0. 


.000 


0. 


.112 


88.49 


3.270 


44.484 


0.872 





.000 





700 


3 


.000 


36.23 


2.334 


19.756 


0.874 





.000 


0. 


.688 





.684 


17.02 


4.185 


84.879 


0.000 





.793 





.000 





.113 


315.3 
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Tabic 1: continued 









*1 


M 1 




logT otf 


log< 7% ) 












q 


p 








(y) 


(M ) 


(Mgyr- 1 ) 






<«©> 


(M Q ) 


(Mq) 








(days) 


d 


6.765 


X 


10 7 


0.854 


0.000 


4.927 


4.271 


0.637 


0.000 


0.833 


0. 


.000 


0.113 


315.3 


a 


5.032 


X 


10 7 


6.310 


0.000 


4.181 


3.470 


7.867 


0.808 


0.000 


0. 


700 


4.000 


2.579 


b 


5.033 


X 


10 7 


5.668 


-3.252 x 10~ 4 


3.815 


1.536 


4.586 


0.794 


0.000 


0. 


.700 


2.554 


1.278 


a 


5.060 


X 


10 7 


6.310 


0.000 


3.986 


3.441 


18.746 


0.863 


0.000 


0. 


.700 


4.000 


9.450 


b 


5.061 


X 


10 7 


5.370 


-7.281 x 10~ 4 


3.778 


1.987 


9.129 


0.861 


0.000 


0. 


.700 


2.134 


3.773 


a 


5.067 


X 


10 7 


6.310 


0.000 


3.756 


3.270 


44.392 


0.872 


0.000 


0. 


.700 


4.000 


34.62 


b 


5.068 


X 


10 7 


5.591 


-9.177 x 10~ 5 


3.713 


2.585 


24.581 


0.873 


0.000 


0. 


.700 


2.435 


16.14 


a 


3.119 


X 


10 7 


7.943 


0.000 


4.232 


3.830 


9.415 


1.150 


0.000 


0. 


.700 


1.100 


3.591 


b 


3.124 


X 


10 7 


3.962 


-1.059 x 10~ 4 


3.852 


2.520 


12.028 


1.145 


0.000 


0. 


.693 


0.354 


7.752 


c 


4.072 


X 


10 7 


0.914 


-3.569 x 10~ 9 


3.877 


4.330 


85.961 


0.000 


0.877 


0. 


.000 


0.064 


307.0 


d 


4.074 


X 


-I r.7 
10 


0.914 


0.000 


4.897 


4.373 


0.824 


0.000 


0.902 


0. 


.000 


0.064 


307.0 


a 


3.135 


X 


10 7 


7.943 


0.000 


4.006 


3.795 


25.609 


1.186 


0.000 


0. 


.700 


1.100 


16.06 


b 


3.136 


X 


10 7 


4.973 


-2.989 x 10~ 4 


3.712 


2.672 


27.246 


1.189 


0.000 


0. 


.696 


0.488 


23.28 


c 


3.946 


X 


10 7 


1.002 


-1.130 x 10~ 9 


3.744 


4.540 


202.442 


0.000 


0.957 


0. 


001 


0.071 


1062. 


d 


3.947 


X 


-I r.7 

10 


1.002 


0.000 


3.848 


4.571 


129.449 


0.000 


0.997 


0. 


.001 


0.071 


1062. 


a 


3.139 


X 


10 7 


7.943 


0.000 


3.749 


3.629 


69.327 


1.194 


0.000 


0. 


700 


1.100 


71.83 


b 


3.139 


X 


10 7 


5.915 


-6.982 x 10~ 4 


3.650 


3.220 


68.030 


1.195 


0.000 





.697 


0.639 


82.78 


c 


3.820 


X 


10 7 


1.154 


-6.404 x 10~ 6 


3.583 


4.579 


443.506 


0.000 


1.093 





.004 


0.082 


3210. 


d 


3.820 


X 


-I r.7 

10 


1.154 


-6.404 x 10~ 6 


3.583 


4.579 


443.506 


0.000 


1.093 





.004 


0.082 


3210. 


a 


3.120 


X 


10 7 


7.943 


0.000 


4.232 


3.829 


9.408 


1.149 


0.000 


0. 


.700 


1.500 


3.471 


b 


3.123 


X 


10 7 


4.672 


-1.437 x 10~ 4 


3.796 


1.977 


8.304 


1.141 


0.000 


0. 


.699 


0.545 


4.029 


c 


4.099 


X 


10 7 


0.909 


-1.148 x 10~ 8 


3.949 


4.316 


60.800 


0.000 


0.871 


0. 


.000 


0.074 


183.7 


d 


4.100 


X 


-I r.7 

10 


0.909 


0.000 


4.869 


4.367 


0.932 


0.000 


0.895 


0. 


.000 


0.074 


183.7 


a 


3.135 


X 


10 7 


7.943 


0.000 


4.007 


3.796 


25.545 


1.186 


0.000 


0. 


.700 


1.500 


15.52 


b 


3.136 


X 


10 7 


4.863 


-3.469 x 10~ 4 


3.721 


2.526 


22.141 


1.189 


0.000 





696 


0.581 


17.09 


c 


3.957 


X 


10 7 


0.953 


-5.546 x 10~ 9 


3.776 


4.429 


153.426 


0.000 


0.918 





.000 


0.078 


719.5 


d 


3.958 


X 


-I r^7 

10 


0.953 


0.000 


4.875 


4.446 


0.994 


0.000 


0.948 


0. 


000 


0.078 


719.5 


a 


3.139 


X 


10 7 


7.943 


0.000 


3.749 


3.629 


69.247 


1.194 


0.000 


0. 


.700 


1.500 


69.42 


b 


3.139 


X 


10 7 


5.265 


-9.436 x 10~ 4 


3.655 


3.111 


58.546 


1.195 


0.000 


0. 


693 


0.660 


69.82 


c 


3.833 


X 


10 7 


1.107 


-4.967 x 10~ 9 


3.663 


4.646 


332.047 


0.000 


1.021 





010 


0.091 


2133. 


d 


3.835 


X 


-I r.7 

10 


1.107 


0.000 


3.691 


4.643 


290.536 


0.000 


1.061 


0. 


010 


0.091 


2133. 


a 


3.121 


X 


10 7 


7.943 


0.000 


4.232 


3.828 


9.425 


1.149 


0.000 


0. 


.700 


2.000 


3.344 


b 


3.123 


X 


t r.7 

10' 


4.814 


-1.911 x 10~ 4 


3.786 


1.706 


6.365 


1.135 


0.000 


0. 


.699 


0.678 


2.629 


c 


4.148 


X 


10 7 


0.901 


-1.032 x 10~ 8 


4.023 


4.300 


42.325 


0.000 


0.861 


0. 


.000 


0.082 


107.3 


d 


4.149 


X 


10 7 


0.901 


0.000 


4.903 


4.351 


0.781 


0.000 


0.887 


0. 


.000 


0.082 


107.3 


a 


3.135 


X 


10 7 


7.943 


0.000 


4.006 


3.795 


25.586 


1.186 


0.000 


0. 


.700 


2.000 


14.96 


b 


3.136 


X 


10 7 


4.622 


-4.198 x 10~ 4 


3.728 


2.353 


17.511 


1.188 


0.000 


0. 


.694 


0.634 


12.26 


c 


3.969 


X 


10 7 


0.933 


-3.971 x 10- 10 


3.837 


4.374 


108.993 


0.000 


0.902 





.000 


0.085 


436.3 


d 


3.970 


X 


10 7 


0.933 


0.000 


4.857 


4.408 


1.033 


0.000 


0.923 





.000 


0.085 


436.3 


a 


3.139 


X 


10 7 


7.943 


0.000 


3.748 


3.629 


69.422 


1.194 


0.000 


0. 


.700 


2.000 


66.89 


b 


3.139 


X 


10 7 


4.753 


-1.036 x 10~ 3 


3.666 


2.967 


47.261 


1.196 


0.000 


0. 


.689 


0.664 


53.25 


c 


3.915 


X 


10 7 


1.028 


-1.071 x 10" 11 


3.693 


4.540 


255.682 


0.000 


0.959 


0. 


.004 


0.094 


1497. 


d 


3.918 


X 


10 7 


1.028 


0.000 


3.768 


4.579 


188.843 


0.000 


1.019 


0. 


.004 


0.094 


1497. 


a 


3.123 


X 


10 7 


7.943 


0.000 


4.231 


3.825 


9.419 


1.147 


0.000 





.700 


3.000 


3.152 


b 


3.124 


X 


10 7 


6.409 


-5.325 x 10~ 4 


3.825 


1.671 


5.118 


1.133 


0.000 


0. 


.700 


1.533 


1.523 


a 


3.135 


X 


10 7 


7.943 


0.000 


4.007 


3.795 


25.574 


1.186 


0.000 





.700 


3.000 


14.10 


b 


3.136 


X 


10 7 


4.247 


-5.466 x 10~ 4 


3.746 


2.053 


11.418 


1.186 


0.000 


0. 


.689 


0.669 


6.706 


c 


3.990 


X 


10 7 


0.926 


-1.161 x 10~ 8 


3.958 


4.352 


60.814 


0.000 


0.893 


0. 


000 


0.096 


182.9 


d 


3.991 


X 


10 7 


0.926 


0.000 


4.861 


4.392 


0.996 


0.000 


0.914 


0. 


.000 


0.096 


182.9 
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Tabic 1: continued 











*1 


M 1 




logT otf 


'^4' 










*H 


9 


p 










(y) 


(M Q ) 


(Mgyr" 1 ) 




(«©> 


(M Q ) 


(Mq) 








(days) 


a 


3. 


138 


X 


10 7 


7.943 


0.000 


3.749 


3.630 


69.263 


1.194 


0.000 


0. 


.700 


3.000 


63.04 


b 


3. 


139 


X 


10 7 


4.272 


-1.047 x 10~ 3 


3.691 


2.698 


31.010 


1.196 


0.000 





.683 


0.676 


29.82 


c 


3. 


942 


X 


10 7 


0.957 


-2.545 x lO" 10 


3.773 


4.438 


157.072 


0.000 


0.923 


0. 


.000 


0.099 


747.5 


d 


3. 


943 


X 


10 7 


0.957 


0.000 


4.874 


4.452 


1.004 


0.000 


0.952 


0. 


.000 


0.099 


747.5 


a 


3. 


127 


X 


10 7 


7.943 


0.000 


4.230 


3.822 


9.432 


1.146 


0.000 


0. 


.700 


4.000 


3.012 


b 


3. 


127 


X 


10 7 


7.412 


-4.643 x 10~ 4 


3.833 


1.905 


6.446 


1.126 


0.000 





.700 


2.945 


1.821 


a 


3. 


135 


X 


10 7 


7.943 


0.000 


4.006 


3.794 


25.657 


1.185 


0.000 


0. 


.700 


4.000 


13.47 


b 


3. 


135 


X 


10 7 


6.891 


-1.257 x 10 -3 


3.777 


2.306 


13.253 


1.186 


0.000 


0. 


.700 


2.268 


5.761 


a 


3. 


138 


X 


10 7 


7.943 


0.000 


3.749 


3.629 


69.279 


1.193 


0.000 


0. 


.700 


4.000 


60.24 


b 


3. 


139 


X 


10 7 


7.560 


-1.126 x 10~ 4 


3.704 


3.202 


52.155 


1.194 


0.000 


0. 


.700 


3.192 


41.16 



11 



